Rats with combined lesions of the perirhinal (PER) and postrhinal (POR) cortices were trained on a complex discrimination in the simultaneous feature-positive and feature-negative discrimination task. In this task, a panel light (L) paired with an auditory stimulus determined whether a tone (T) or white noise (N) would be rewarded (1) or not rewarded (2). Thus, the light feature determined whether the target auditory stimuli were rewarded or not. In each session, trial types were LT1, T2, N1, and LN2. We had hypothesized that damage to the target regions would impair performance on this task. Acquisition was altered in the lesioned rats, but not in the predicted direction. Instead, lesioned rats exhibited significantly enhanced acquisition of the discrimination. Manipulation of intertrial intervals indicated that reduction of proactive interference did not explain the enhancement. Lesioned rats were not different from controls on a multiple-cued interval timing task, providing evidence that the enhancement does not extend to all types of discriminations and is not due to a deficit in timing. Other research shows that rats with PER lesions are impaired on similar tasks, thus the enhancement is likely due to the effects of POR damage. Normally in this task, context is thought to accrue inhibitory control over other cues. Without this inhibitory control, animals might be expected to learn the task more efficiently. Our conclusion is that deficits in processing contextual information underlie the enhanced acquisition observed in rats with combined PER and POR damage on this complex discrimination task. V V C 2012 Wiley Periodicals, Inc.
INTRODUCTION
Sensory information acquired by experience is conveyed from neocortex to the hippocampus through medial temporal lobe pathways that include the perirhinal (PER) and postrhinal (POR) cortices. The PER and POR, which are strongly interconnected with each other and with the entorhinal cortex, provide the predominant polymodal sensory input to the hippocampus, both directly and through entorhinal connections (Burwell and Amaral, 1998; Dolorfo and Amaral, 1998; Kerr et al., 2007) . The hippocampus then binds the information acquired by experience into episodes for storage in memory (Sutherland and Rudy, 1990; Eichenbaum, 2000; Squire et al., 2004) .
In the late 1980s, configural association theory was proposed as an account of hippocampal function (Rudy and Sutherland, 1989; Sutherland and Rudy, 1990 ). Configural learning is required when an association cannot be learned on the basis of individual or elemental cues, alone. Tasks designed to test configural learning are often executed in conditioning chambers such that simple cues, for example, lights and tones are rewarded or not depending on the pattern of cue presentation. Such tasks include, for example, negative patterning (A1, B1, AB2), positive patterning (A2, B2, AB1), and biconditional discriminations (AC1, AD2, BC2, BD1). Theoretically, configural tasks require processing of compound cues such that individual elements maintain their identity.
Another example of a configural task is the featurepositive, feature-negative discrimination task (FPFN) in which cues are presented in four trial types (CA1, A2, CB2, B1). When the so-called feature, C, is paired with the target, A, the compound is positive (reinforced with food reward), but when C is paired with the target, B, the compound is negative (no reward is presented). This task is powerful as an assessment of configural learning because each individual cue, whether presented as an individual element or part of a compound, is rewarded on some trials, but not on other trials. This combination of both compound and elemental cues biases the animal to maintain the identity of the individual cues. Indeed, considerable behavioral evidence indicates that rats must extract the identity of the individual elements in the compounds in order to acquire this discrimination (Holland, 1991; Holland and Reeve, 1991) .
Rats with kainic acid-cholchicine lesions of the hippocampus were severely impaired on the FPFN task, but more selective ibotenic acid lesions resulted in no deficit (Gallagher and Holland, 1992; Alvarado and Rudy, 1995) . Jarrard and Meldrum (1993) found that kainate acid injections in the hippocampus resulted in extensive extrahippocampal damage. One possibility is that distal damage resulting from hippocampal kainic acid-cholchicine lesions in the cortical regions that surround the hippocampus is responsible for these deficits. Indeed, the PER expresses high densities of kainate receptors in Layers II-VI (Wisden and Seeburg, 1993) . Also, recent work in humans suggests that the PER plays a role in identifying familiar configurations of partial stimuli (Peterson et al., 2012) . Although there is no information available about kainate receptors in the POR, the similarities to PER in other markers (Burwell, 2001) suggest that POR may express a similar distribution of kainate receptors. Based on this evidence, we hypothesized that the PER and POR cortices are important for acquisition of this complex discrimination task.
The present study addressed the question of whether PER and POR are involved in the acquisition of a discrimination task in which compound cues have overlapping stimulus elements, the identity of which must be extracted to acquire the task. In this case, individual stimuli were overlapping in time. Rats with electrolytic PER plus POR (PER-POR) lesions were trained on the FPFN task using lights, tones, and white noise (trial types LT1, T2, LN2, N1) at short intertrial intervals (ITIs) . Surprisingly, PER-POR lesioned rats exhibited significantly enhanced acquisition of both the feature-positive (excitatory, LT1, T2) and the feature-negative (inhibitory, LN2, N1) components of the task. To examine the possibility that enhanced performance was due to reduction of proactive interference, rats were also tested at longer ITIs. The same subjects were unimpaired on the multiple-cued interval (MCI) task, a concurrent discrimination task, which requires association of a time interval and a sensory cue, but does not require processing of overlapping sensory stimulus elements. The MCI task verified that timing and the ability to process complex associations were not impaired or enhanced by combined PER/POR damage.
METHODS

Subjects
Subjects were 18 male Long-Evans rats (Charles River Laboratories, Portage, MI) weighing 177-220 g at the time of surgery. Rats were housed in wire mesh cages with free access to water. Food was scheduled to maintain body weight at 85-90% ad libitum body weight. Rats were housed in a 12:12 h light:dark cycle with all testing performed during the light phase. All procedures were approved by the Brown University animal care and use committee.
Surgery
Ten rats received bilateral electrolytic PER-POR lesions using coordinates adapted from prior studies (Wiig and Burwell, 1998; Bucci and Burwell, 2004) . A lesion was made at each of six sites by passing 2-mA current for 10 s with a tungsten microelectrode (Frederick Haer & Co., Bowdoinham, ME; Table 1 ). Four rats received sham lesions, undergoing the same procedure minus the passing of current. Four unoperated controls were also included in the study.
Procedure for FPFN Task
Rats received training in six sound-attenuating chambers (Med Associates, St. Albans, VT) interfaced with a personal computer and controlled by MED-PC V 2.1 software (Med Associates). A Med Associates computer-interfaced audio generator provided the 74 dB, 1.5-kHz tone and the 73-dB white noise. A panel light located centrally below the house light provided the light stimulus.
The behavioral procedure for the FPFN task is shown in Table 2 . Initially, rats were taught to lever press (Shaping). For the next two sessions, rats were pretrained on a 60-min program that presented either the light with the tone or the white noise (LT1, N1). Lever pressing was rewarded during the entire 15-s duration of stimulus presentation. In addition, no lever pressing was rewarded during the intertrial intervals (ITIs) that varied between 5, 10, 15, and 20 s. Rats had three sessions of a final pretraining program in which LT or N stimuli were presented, and lever pressing was rewarded on a fixed interval of one food pellet per lever press during the last 5 s of the 15-s stimulus presentation.
Training consisted of four phases. Phase I began with 60-min sessions that presented 100 trials, randomly intermixed, of all four stimuli (LT1, N1, LN2, T2). Once again, each stimulus presentation was 15 s in duration and reinforcement on a fixed interval of 1 was available only in the final 5 s. ITIs were randomly varied between 5, 10, 15, and 20 s. After 12 sessions of Phase I, the number of negatively reinforced stimuli (LN2 and T2) presented was doubled for the next 12 sessions. During Phase III, animals were presented with 16 sessions nearly identical to Phase II; however, ITIs were increased such that they randomly varied between 15, 22.5, 30, 37.5, 45, 60, 75, 90, and 105 s. In addition, the total number of trials for this task was 60. In Phase IV (16 sessions), the duration of the ITIs was increased to 30, 45, 60, 75, 90, 120, 150, 180, and 210 s. At the conclusion of Phase IV, animals were presented with two sessions in which, in addition to the other cues, the panel light (L) was presented as an individual cue for some trials, but The coordinates used for the lesions of both hemispheres (14 lesion sites total for each animal). The electrode entered the skull at 128 from vertical. These coordinates were adapted to Long-Evans rats from Wiig and Burwell (1998) . AP, anterior-posterior; ML, medial-lateral; DV, dorsal-ventral. The DV coordinate was taken in reference to skull.
was not reinforced. These sessions were designed to examine whether lesioned and control animals used different strategies to process the compound cues. For example, if an animal fused or compressed the compound cues into a single, elemental cue, the light presented alone would be processed as a novel cue and that animal would show increased responding to the lightonly cue. For data analysis of the FPFN task, training sessions were averaged into blocks of four sessions. To avoid competition with food consumption during the last 5 s of each trial, rate of lever press responses during the first 10 s was analyzed. For these analyses, the dependent variable was the mean lever response rate during the 10 s of stimulus presentation that was not reinforced. We also analyzed response rates during the ITI. Data were analyzed by repeated measures analysis of variance (rANOVA). The within-subject independent variable was Block and the between-subject independent variables were Group (lesion vs. control) and Stimulus (reinforced vs. nonreinforced). Because there is some evidence that the feature-positive and feature-negative components of the task are learned differently (Holland and Gallagher, 1993; , the LT1, T2 discrimination was first analyzed separately from the LN2, N1 discrimination. This analysis approach is consistent with prior literature (Gallagher and Holland, 1992; Alvarado and Rudy, 1995) . For these analyses, a main effect of Stimulus indicated successful discrimination, that is, a difference in response rates to reinforced vs. nonreinforced stimuli. A Group 3 Stimulus interaction indicated group differences in discrimination. A Group 3 Stimulus 3 Block interaction indicated group differences in the rate of learning the discrimination. A main effect of Group indicated a difference in overall responding, regardless of whether the stimulus was reinforced or not.
Naïve and sham controls were not different on any analyses described above. Analysis of response rates for the excitatory component of the task yielded P values for main effects of Group and interactions with Group ranging from P > 0.20 to P > 0.99. For the inhibitory component of the task, P values for main effects of Group and interactions with Group ranged from P > 0.17 to P > 0.59. Naïve and sham controls were combined into a single control group for the remaining analyses.
To compare acquisition of both components of the task in the same analysis, we calculated a simple discrimination index by subtracting the mean response rate during the nonreinforced stimulus presentation from the mean response rate during the reinforced stimulus presentation per session (Han et al., 1998) . This index was also analyzed by rANOVA. The within-subject independent variable was Block and the between-subject independent variables were Group (lesion vs. control) and Component (positive vs. negative).
The effects of PER/POR damage on the light-only cue in the last two test sessions were assessed by univariate ANOVA. These were also analyzed by rANOVA. The within-subject independent variable was Block and the between-subject independent variable was Group.
All analyses were conducted using SAS (SAS Institutes, Cary, NC). The level of significance for all analyses was set at 0.05.
Procedure for MCI Task
The same rats tested on the FPFN task were given nine consecutive sessions of the MCI task, excluding weekends (Guilhardi and Church, 2005 ). The experimental sessions ended at 100 trials or 160 min. Each trial consisted of a 20-s period in which the discriminative stimulus was off, followed by one of three fixed intervals during which the discriminative stimulus was on. Food was available at the end of each fixed interval. Immediately after the next head entry into the food port (measured as the breaking of a photo beam across the food port opening), food was delivered, the discriminative stimulus was turned off, and the next trial began. The relevant variable was the rate of head entries, or nose pokes, during the fixed intervals during which the stimulus was on.
Fixed intervals were 30, 60, and 120 s. The three cues in this experiment were 72-dB white noise, the house light, and clicks. The clicker (ENV-135M, Med Associates), was mounted on the outside of the chamber and produced single auditory clicks at 4 Hz. Cue-duration pairings were counterbalanced. Rats were counterbalanced across six cue-interval conditions (Table 3) . For example, a particular rat might have a 30-s interval signaled by white noise, a 60-s interval signaled by light, and a 120-s interval signaled by the clicker. For analysis of the MCI task, the last five sessions were analyzed for group differences. Three measures of temporal discrimination were based on temporal gradients of responding. The mean response rate (in responses per minute) as a function of time since stimulus onset (in seconds) was calculated. The best-fitting ogive to this response gradient was calculated based on Eq. (1).
A nonlinear search algorithm that minimized the sum of squares was used for the estimation of the parameters a, b, and c, which served as measures of temporal discrimination. This was done with the NLINFIT function of Matlab (The MathWorks, Natick, MA).
A. The parameter a is an estimate of the center (the time at which response rate reached half of the way to its estimated maximum response rate). B. The parameter b is an estimate of the slope of the function, and C. The parameter c is an estimate of the maximum response rate of the function.
The parameters for center, slope, and maximum response rate were analyzed using rANOVA. Data were first analyzed for differences between the control groups followed by overall analyses of lesion effects. Interval was the within-subject variable.
Histology
Subjects were deeply anesthetized with Beuthanasia-D Special solution (100 mg/kg, i.p.) and transcardially perfused with 0.9% saline and 10% phosphate-buffered formalin at a rate of 35/40 mL/min. Coronal sections were prepared and Nisslstained with thionin. Lesions were evaluated for damage consisting of missing tissue, necrosis, or thinning of cortex.
Subjects were retained in the study if lesions accomplished significant bilateral PER and POR damage and did not cause substantial bilateral damage outside of the target area.
RESULTS
One rat was removed from the study due to extensive tissue loss outside the target regions, likely due to congenital defect, in the right hemisphere, leaving a total of nine subjects in the lesion group and eight in the control group. Other lesioned brains had minor unilateral cortical damage outside the target region, and one brain exhibited minor unilateral amygdala damage. None of the cases, however, exhibited hippocampal damage or bilateral damage outside the target regions. Figure 1 shows the extent of the largest and smallest lesions. The same subjects were tested on the FPFN task and the MCI task.
Response rate during the ITI decreased in both groups across four-session blocks as confirmed by rANOVA in a significant main effect of Block [F(1,13) 5 22.05, P < 0.0001]. There was no main effect of Group and no Group 3 Block interaction (P > 0.44), suggesting no differences in overall activity levels.
Analysis of the excitatory component of the task ( Fig. 2A ) suggested that all rats learned to discriminate between the light-tone compound (LT1) and the tone alone (T2), but that the lesioned rats showed enhanced learning. There was no main effect of Group (P > 0.80), as both groups of animals learned to respond more to the reinforced cue and less to the nonreinforced cue. There was, however, a main effect of Stimulus [F(1,15) 5 61.84, P < 0.0001] and a Stimulus 3 Group interaction [F(1,15) 5 7.66, P < 0.01]. Thus, although both control and lesion groups learned the excitatory component of the task, the significant interaction confirms that the lesion group showed enhanced learning. There was also a trend toward a Stimulus 3 Block 3 Group interaction [F(13,195 ) 5 2.32, P < 0.06], indicating that not only did lesion subjects learn the excitatory component of the task better but also they exhibited a trend to learn this component faster.
Analysis of the inhibitory component of the task (Fig. 2B ) also suggested that all rats learned to discriminate between the noise alone (N1) and the light-noise compound (LN2). Again, lesioned rats showed enhanced learning. The results of the rANOVA revealed a main effect of Stimulus [F(1,15) 522.18, P < 0.0003]. There was no main effect of Group (P > 0.15), but there was a significant Group 3 Stimulus interaction [F(13,195 ) 5 9.55, P < 0.007], as well as a significant Stimulus 3 Block 3 Group interaction [F(13,195) 5 5.63, P < 0.001]. Thus, similar to the excitatory component, in the inhibitory component of the task the lesioned group appeared to show better and faster learning, as compared with the control group.
To confirm that both groups did, indeed, learn to discriminate the stimuli in each component of the task, we conducted follow-up analyses for each group. For the excitatory component, the control group exhibited a significant main effect of Stimulus (P < 0.005) and a significant Stimulus 3 Block The three cues for the multiple-cue interval task (MCI) were white noise, house light, and clicker. Each cue was distributed across 30, 60, and 120 s intervals. Rats received nine sessions of the task. interaction (P < 0.0001), indicating successful discrimination. For the inhibitory component, the control group showed no main effect for Stimulus (P > 0.22), but there was a Stimulus 3 Block interaction (P < 0.0001). For the excitatory component, the lesioned group showed a significant effect of Stimulus (P < 0.0001) and a Stimulus 3 Block interaction (P < 0.0001). For the inhibitory component, the lesioned group also showed both a significant main effect of Stimulus (P < 0.0009) and a significant Stimulus 3 Block interaction (P < 0.0001).
Thus, both groups successfully discriminated between the reinforced and nonreinforced stimuli of each component. We next wondered whether control and lesioned rats showed relative differences in acquisition of the two components, that is, was enhanced acquisition apparent in the lesion group similar for the excitatory and inhibitory components of the task. To directly compare group differences in relative acquisition of both the excitatory and inhibitory components of the discrimination, we constructed simple discrimination indexes for both the excitatory and inhibitory components by subtracting the response rate to the nonreinforced stimulus from that of the reinforced stimulus (Fig. 2C) . The lesioned animals showed enhanced acquisition of the task as confirmed by a main effect of Group [F 5 9.13, P < 0.0086]. The excitatory component was easier to learn as confirmed by a main effect of Component . Control and lesioned rats learned both the excitatory and the inhibitory components of the discrimination, but the lesioned rats showed significantly enhanced learning of both components. Moreover, by the end of testing the lesioned rats had learned the more difficult inhibitory component as well as they learned the excitatory component.
[F 5 52.15, P < 0.0001]. A significant Component 3 Block 3 Group interaction indicated that acquisition of the two components differed for the two groups. Examination of Figure 2C suggests that the control animals showed better performance on the excitatory component than the inhibitory component for all phases. In contrast, by Phase IV in which the ITIs were the longest, the lesioned animals appeared to perform equally well on both components.
To further examine differences in excitatory and inhibitory acquisition and performance across phases, we conducted follow-up analyses of the discrimination indexes by task phase. Response rates in each phase were analyzed by rANOVA with Group as the between-subject variable and Component as the within-subject variable. In Phase I in which ITIs were low and equal numbers of reinforced and nonreinforced trials were presented, there was a trend toward a main effect of Group (P < 0.08), a significant main effect of Component (P < 0.0001), and a significant Group 3 Component interaction (P < 0.004). In Phases II, III, and IV, there were significant main effects of Group (P < 0.04) and Component (P < 0.002). The Group 3 Component interaction was not significant for Phases II and III (P > 0.50). There was, however, a significant Group 3 Component interaction in Phase IV (P < 0.04). Taken together, these results are consistent with the view that the lesioned rats showed enhanced performance and that the inhibitory component is more difficult to learn, but not as difficult for the lesioned rats, at least in Phase I when there were equal numbers of reinforced and nonreinforced trials and in Phase IV when ITIs were longest.
After completion of Phase IV, the effect of the panel light alone was analyzed in two final test sessions to determine if there were group differences in conditioning to the panel light, perhaps indicating a difference in how the two groups learned the task. As demonstrated by Figure 3 , no significant difference was found between the response rate of the lesion and control groups to the light alone (P > 0.23).
It is possible that the lesioned animals had a deficit in representing intervals or durations. If rats were unable to encode duration, this might have resulted in lever pressing during the entire 15 s of cue presentation while controls were able to withhold pressing until the final 5 s in which reward was available. If this were the case, the enhanced learning in the FPFN task might have resulted from a timing deficit rather than stronger learning in the lesion subjects. Training on the MCI task tested the hypothesis that PER and POR damage causes a deficit in representing a timed interval. In this experiment, a MCI task was designed in which animals were required to pair a cue with duration. Figure 4 shows the rate of responding plotted against time for each of the cued intervals. No significant difference was found between control groups for Center (P < 0.14), Slope (P < 0.11), or Max Response (P < 0.44). Thus, the control groups were combined for all further analyses. Visual inspection of plots in Figure 4 for each animal suggests that all subjects were able to represent the fixed intervals and to associate the appropriate interval with its signaling cue.
As expected, there were also no differences between lesion and control rats in the curve fitting parameters (Table 4) . Analysis by rANOVA indicated a trend toward a group difference in Center (P > 0.07), but no Group 3 Interval interaction FPFN task results of light-only trials. Responses to the unreinforced light-only trials did not differ between control and lesioned groups, suggesting that the light component of the compound cues was processed similarly in both groups. Response rates for the MCI task plotted against time. Rates are shown for the control (A) and lesioned (B) groups. There were no differences between groups in the ability to associate a discrete cue with a duration in this concurrent discrimination task using cues similar to those in the FPFN task, except that there were no compound cues. Shown are the means for center of the curve, slope, and maximum response. No differences were found between lesion and control groups for any of these parameters.
(P > 0.15). Likewise, there was no group difference or interaction for Slope (P > 0.28) or Maximum Response (P > 0.86).
DISCUSSION
We were expecting that PER/POR damage would result in impaired acquisition of the FPFN task; however, acquisition was enhanced in animals with bilateral, electrolytic PER/POR lesions as compared to control animals. This effect was even more pronounced for the inhibitory component of the discrimination. This was not a general enhancement in acquisition or performance, as there were no differences in the MCI task in which rats were trained on concurrent cue-interval associations using similar, but nonoverlapping, sensory stimuli. Our conclusion is that combined PER/POR damage alters acquisition on the FPFN task, and not the simple concurrent discrimation task, because the FPFN task requires processing of stimulus elements that are overlapping in time, whereas the MCI task does not.
There is substantial evidence that the PER is necessary for resolving ambiguity in discrimination tasks similar to the FPFN task, that is, tasks conducted in operant chambers and using simple stimuli with overlapping stimulus elements. Rats with PER damage were impaired on a feature-negative task (LT1, T2) when the compound stimuli were presented simultaneously, but not when the compound was presented serially (L?T1, T2; Campolattaro and Freeman, 2006a) . Rats with PER damage were also shown to be impaired on positive patterning (LT1, L2, T2), when the compound was presented simultaneously (Campolattaro and Freeman, 2006b) . Again, when the same stimuli were presented serially in the positive patterning task, PER damage did not cause deficits (Campolattaro and Freeman, 2006b) . Similar results were obtained with a purely visual task. Rats with selective PER lesions were impaired on a two-dimensional (2D) visual biconditional discrimination presented in a computer-controlled Y maze (Eacott et al., 2001) , but the same rats were not impaired on acquisition of simple two-dimensional discriminations. In yet another type of task, one using three-dimensional (3D) objects, rats with PER damage were impaired in discriminating an array of familiar objects from an array in which one or more familiar objects were replaced with a novel object (Gilbert and Kesner, 2003) . The authors suggested that the PER is necessary for resolving stimulus interference, an interpretation similar to the notion that PER resolves feature ambiguity in visual discrimination tasks. These studies provide substantial evidence that the PER is necessary for resolving stimulus ambiguity whether stimuli are simple lights and tones overlapping in time, complex visual stimuli with overlapping features, or arrays of objects with overlapping members.
Although there are no prior studies of the effects of combined PER/POR lesions on the FPFN task, there are studies using paradigms that are formally the same, but employ more complex visual stimuli. Rats with combined PER and POR lesions were impaired on tasks involving discrimination of 2D visual stimuli, when perceptual similarity was high due to overlapping features (Bartko et al., 2007) . In another study, rats with combined PER and POR damage showed no deficits on simple discriminations of 2D visual stimuli presented in a water maze choice apparatus, but were impaired when an additional cue was added to make the discrimination biconditional (Davies et al., 2007) . The interpretation was that the additional cue resulted in the increase of overlapping features, and thus increased perceptual similarity.
Taken together, prior findings suggest that PER or combined PER/POR damage might have resulted in impaired acquisition in the FPFN task, and not the observed enhancement. Hippocampal damage sometimes results in better performance on similar tasks, and this outcome is often attributed to a reduction of interference (Han et al., 1998; Saksida et al., 2007; Sanderson et al., 2011) . In the present study, however, performance on the FPFN task was enhanced even when intertrial intervals were substantially increased. In addition, our lesions were small and in no case was hippocampal damage observed. Thus, reduction of proactive interference does not appear to underlie the observed enhancement.
Another possibility is that the POR lesion alters the associative strategy in a manner that results in enhanced acquisition. If there were differences in the processing of the compound cues, then it might be expected that lesioned and control animals would respond differently to the light cue presented alone (for discussion of strategy selection, see also Peterson et al., 2012) . The control and lesion groups, however, did not differ in response rates to the panel light when presented as an individual cue on the last 2 days of training. This suggests that both groups were using the same associative strategy to solve the task, at least with respect to the light cue.
Although the processing of the light stimulus did not differ, associative processing of context may have been altered as a consequence of combined damage to PER and POR. The rodent POR (Bucci et al., 2000 (Bucci et al., , 2002 Norman and Eacott, 2005) and the primate parahippocampal cortex (Bar and Aminoff, 2003; Aminoff et al., 2007; Mullally and Maguire, 2011) have an identified role in processing contextual information, and there is a substantial amount of evidence in rats and primates that the PER also processes contextual information (Corodimas and LeDoux, 1995; Bucci et al., 2000 Bucci et al., , 2002 Burwell et al., 2004; Moyer and Brown, 2006; Kholodar-Smith et al., 2008a,b; Preston and Gabrieli, 2008; Watson et al., 2012) . Thus, the combined PER/POR lesion likely resulted in an impairment in contextual processing. Such an impairment may have led to enhanced acquisition of the FPFN task in the following way. Context, itself, has associative properties (Holland and Bouton, 1999) . Although context was not manipulated in the FPFN task, it may have interacted with the explicit cues such that context (represented by X) and the explicit cues in the task (represented by LT1, T2, N1, LN2) become LTX1, TX2, NX1, LNX2, and X2. Context is present during the controlled cues, but is present, alone and unrewarded (X2), during the long ITIs. It may be that context accrues a strong inhibitory association throughout the task that exerts inhibitory control over the other cues. This overall inhibition would need to be overcome in animals that were processing context. In the lesioned animals, however, the ability to process context is weakened, lessening the inhibitory control over the stimuli, and possibly enabling faster and better learning. It might be expected that the ambiguous (overlapping) stimuli in the FPFN task would be more sensitive to contextual control than the simple associations required by the MCI task. Bouton and Nelson (1994) showed in a feature-negative discrimination task that performance to the negative compound increased when the context was switched. This result provides some insight into why the binary associations in the MCI task were not affected by PER/POR damage. This result is also consistent with our findings showing that acquisition of the inhibitory component of the FPFN task was more robustly enhanced.
CONCLUSIONS
Rats with PER/POR damage showed alterations in the acquisition of a discrimination in which simple stimulus elements overlapping in time must be disambiguated. In contrast, no alteration was observed in learning a control task, a simple concurrent discrimination task in which elemental stimuli were paired with durations in a binary fashion. The control task verified that subjects could learn a complex discrimination, and that there were no deficits in time perception. Our findings are consistent with prior studies reporting that PER and combined PER/POR damage cause deficits in tasks that require disambiguation of overlapping features of associative stimuli. The alteration in acquisition and performance, however, was an enhancement rather than a deficit. The lesioned subjects showed enhanced performance even when ITIs were relatively long, providing evidence against an interference hypothesis. Previous studies have indicated that PER or POR damage results in impairment in contextual learning. Thus, impairments in processing context may have resulted in decreased inhibitory control over other cues in the lesioned group, resulting in enhanced acquisition of the FPFN task. Future experiments could examine this hypothesis by exploiting learning paradigms that involve contextual associations, for example, contextual sensory preconditioning and a form of second-order conditioning in which a context-US is the first-order association. We would predict that rats with damage to PER and POR cortices would be impaired in these paradigms.
